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The most evident change induced in the microstructure of UDIMET 720 during operation is the presence of wide "islands" where the gamma prime primary precipitates have larger dimensions, up to 0.8 w, while inside the "normal" matrix, the gamma prime dimensions are at a maximum of about 0.3 w (Figs.
3-4).
The mechanism of the gamma prime dimensional increase seems to be due to single particle growing related to multiple coalescence.
SANS Theoretical Introduction
When 
where F,(Q,R) is the form factor of a single particle whose volume is v,, depending upon its form and dimension, R.
Guinier approximation
It has been shown that it is possible to connect the scattering curve to a Giration Radius, R,, of the particle, depending upon the form and dimension, D.
In particular, for small values of the product Q-D (for example, for spherical shape, this approximation holds for Q*R<1.2), is:
the value of R, is the slope of the straight line fitting the experimental data in the Ln(dE/dn) vs Q' plane; -if a sphere has a radius R,, the giration radius is:
Pored approximation
In the case of well defined outlines of the scattering particles, Porod has shown that the asymptotic value of the scattering function is:
where S, is the total surface of the particles per unit volume.
To verify if the asymptotic value has been reached, a check of this law is necessary.
The plot of the scattering curve in the Log(dC/dQ) vs the LogQ plane must be approximated, at high values, by a straight linewhose slope is -4.
Volume -fraction
In the case of isotropic scattering, it is possible to demonstrate that t13:
where, V being the investigated volume of the sample, the volume fraction C, is: c = NP*VP P V
Correlation length
When a material shows a wide precipitation (C,>lO%), the system is said to be not diluted, and a correlation length, L,, is necessary to express the packing of the particles. respectively; L, is defined by Fig. 5 :
and is connected to the scattering curve by [l] :
Particle size distribution
When the hypothesis of identical particles is not valid, the scattering curve is the superposition of scattering curves from each of the different particles.
In this case, it is very helpful to determine the particle size distribution, N(R), to characterize the polydisperse system.
It can be shown that: (16) This relation holds when the different contributions add incoherently and the particles have a known shape.
In our analysis, we have fitted the scattering curve by a procedure that uses a'constrained least-square calculation [6] .
Experimental Technique
Our experiment was performed on Dll equipment at ILL in Grenoble, connected to the cold neutron source of the High Flux Reactor (HFR).
A neutron wavelength of 1 nm was used to avoid double Bragg and multiple scattering.
A simple vision of the experimental setup is shown in Fig. 6 , where M is the monochromator; G's are the collimation guides; S is the sample position, and D is the dimensional detector. 1.3*10P2 < Q < 9*10m1 nrn-l
which allows the investigation of particles whose dimensions, R, are included from 10 to lo3 nm.
To determine the absolute value of the scattering curve, a calibration with a water sample was performed. 
where d and T represent the thickness and the transmission factor, respectively;
I and B the measured experimental intensities and the background, respectively; and w, s, h, and g are indices related to water, sample, sample holder and quartz cell, respectively.
Results and Discussion
The This could be associated with scattering contribution due to very small particles (1 to 3 nm) or to a high dislocation density [l] .
However, by the extrapolation by the Guinier law to Q=O, and by the Porod law to high Q values, the volume fraction and the correlation length have been obtained.
A volume fraction of about 30% was found by equation 12, which is about the same as the value found for the new turbine, which was 35%. Moreover, the packing of the system is defined by the correlation length for which a value of 85 nm was found by equation 15, compared to 172 and 129 nm for the untreated and as-heat-treated samples, respectively.
1.
2.
3.
4.
5.
6.
7.
These values give an idea of the different interparticle distance in the three samples. This is strictly connected to those islands found inside the matrix, where gamma prime precipitates are bigger and more packed than in other zones. 
